Storage of oily seeds will give the seeds deteriorated faster due to oil auto-oxidation. It will changes the biochemical and physiological of the seeds. Reducing sugar, protein and fat are biochemical compound those support the seeds during germination. Auto-oxidation of fat can produce free fatty acids which cause seeds to lose viability and vigor during storage. Application of antioxidant can prevent the activity of auto-oxidation. This research aimed to study the effect of ascorbic acid to minimize the deterioration by observing the chemical content and viability of Theobroma cacao L. seeds. It was conducted at Kaliwining Experimental Station, Indonesian Coffee and Cocoa Research Institute, Jember, East Java and at Satya Wacana Christian University, Salatiga, Central Java. The research used completely randomized design and T-test analysis. The treatments consisted of four ascorbic acid concentrations, i.e. 0 ppm as control, 250 ppm, 300 ppm, and 350 ppm. The treated cacao seeds were stored for two shelf life i.e. 1 week and 2 weeks. Each treatment was repeated with seven replications. Data analysis used SAS 9.0. The results showed that application 250 and 300 ppm of ascorbic acid increased reducing sugar, protein content decreased fat and free fatty acid content of cocoa seeds. Application of 350 ppm of ascorbic acid decreased reducing sugar, protein, fat content and increased free fatty acid content of cocoa seeds. Application of ascorbic acid with concentration of 250 ppm and 300 ppm could maintain cocoa seeds viability upto 2 weeks of shelf life.
INTRODUCTION
The cocoa seed is a recalcitrant seed which can lose its viability quickly after the seed is extracted from its pod. Seeds that have been extracted from the pod will continue to deteriorate until the seeds die. The deterioration is a degradation gradual process and irreversible. According to Biabani et al. (2011) seed deterioration can cause an overall change in the seed both in terms of physical, physiological or chemical which resulted in a decreased viability and vigor.
Cocoa seeds need to be stored in order to manage the distribution. During storage the seed will experience changes in enzyme activity and changes in food reserves. Therefore, the protein, carbohydrate and fat compounds of the seeds will change. This is done as a response to keep seed alive (Yuniarti et al., 2013) . In order to sustain good seedling development, seeds need to store food reserve such as carbohydrate, protein and fat. Carbohydrate and fat are source for energy that seeds need during germination and protein is needed to generate cell PELITA PERKEBUNAN, Volume 35, Number 2, August 2019 Edition and enzyme during germination (Ali & Elozeiri, 2017) .
Storage of oily seeds can trigger autooxidation in seeds. Auto-oxidation can form radical groups that produce hydroperoxide which can react with proteins so that enzymes become inactive. Hydroperoxide that reacts with nucleic acids can causes chromosome mutations which cause abnormal seedlings. Auto-oxidation can be prevented by giving antioxidant which work by donating one electron to an oxidant compound this will inhibited oxidant to form free radicals.
One of the compounds classified as antioxidants is ascorbic acid. Ascorbic acid can act as a reducing agent for various free radicals, but it can also minimize the occurrence of damage caused by oxidative stress. Ascorbic acid is an antioxidant that is easy to find, inexpensive and easy to apply because it can dissolve in water.
There were several research before using antioxidant as pre treatment before storage of seeds. Halimursyadah & Muniarti (2008) used ascorbic acid with 300 ppm can increase viability and vigor of cotton seeds (Gossypium hirsutum). Dolatabian & Modarressanavy (2008) using ascorbic acid can increase root and shoot length. Muzaiyanah (2009) using extract algae can maintain viability and vigor of cocoa seeds. Maryati (2013) using 150-350 ppm ascorbic acid as seed coating in peanuts (Arachis hypogea L.) to maintain storage shelf life. The research aimed to study the effect of ascorbic acid to minimize the deterioration by observing the chemical content and viability of Theobroma cacao L. seeds
MATERIALS AND METHODS
Materials used cocoa seeds, fungicides (benlox), and ascorbic acid (pure analysis). Cocoa seeds of Sulawesi 1 clone were taken from Kaliwining Experimental Station, Indonesian Coffee and Cocoa Research Institute, Jember, East Java. Seeds were taken from the ripe physiologically of pods and peeled.
Experimental unit consisted of 100 seeds for each treatment. Application of ascorbic acid was by soak method (Muzaiyanah, 2009) . Experimental unit was soaked in fungicide solution for 10 minutes. The peeled seeds were divided into 4 groups according to the treatment each group consisted of 100 seeds as experimental units then put the experimental unit into a fungicide solution for 10 minutes and then dried. After dry the experimental unit was put into ascorbic acid solution each group according to treatment then dried approximately to 40% of water content. The dried seeds were then stored in plastic bags in accordance with the treatment and kepted for 7 and 14 days.
The research used randomized complete block design with four concentrations as treatments where each treatment was repeated seven times. All data were analyzed using SAS software 9.0. When analysis of variance showed significant treatment effect, Duncan's multiple range test was applied to compare the means at P<0.05. T-test analysis was also carried out to find out differences in seeds before being stored and after being stored
The concentration of ascorbic acid in this research is 0, 250, 300, 350 ppm. in order to get the concentration solution of ascorbic acid using the formula: (Jurgen & Moller, 1975) . Protein content was observed using kjehdahl method and fat content was observed by using soxhlet method and using n-hexane as solvent (Faithfull, 2002) . Free fatty acid content was observed by using titration method (Guehu et al., 2008) .
Viability was observed by calculating the number of germinated seeds on 12 days after sowing using formula (Ikic et al., 2012) .
NGS GP = X 100% NSS
Note: GP = Germination percentage NGS = Normal germinated seeds NSS = Number of sown seeds
RESULTS AND DISCUSSION

Reducing Sugar
The results of the statistical analysis in Table 1 shows that the increased ascorbic acid concentration can significantly increase the reducing sugar content. After the seeds were stored for 7 days, application of 250 ppm ascorbic acid could significantly increase reducing sugar content compared to the control treatment. Application of 300 ppm ascorbic acid showed a significant improvement when compared to 250 ppm of ascorbic acid.
After the seeds were stored for 14 days, application of 250 ppm ascorbic acid showed an increase of reducing sugar content compared to the control treatment. Application of 300 ppm of ascorbic acid significantly increased the reducing sugar content compared to the 250 ppm of ascorbic acid (Table 1) .
Increased reducing sugar levels indicate that active seeds catabolism starch into a simpler carbohydrate compound. According to Nangin & Sutrisno (2015) the amylase enzyme has a role in the hydrolysis process of starch compounds into reducing sugars. Asra (2014) in his research stated that the gibberellin hormone in seeds can stimulate the formation of amylase enzymes.
In a study conducted by Pastori et al. (2003) , it was mentioned that ascorbic acid serves as a hormone signaling for giberellins. It was found that the less ascorbic acid content in Arabidopsis leaves suppresses the activity of gibberellic hormones whereas the higher ascorbic acid content increases the activity of gibberellic hormones. Hence the application of ascorbic acid can increase the reducing sugar content of cocoa seed.
Application of ascorbic acid 350 ppm both after being stored 7 days and 14 days showed a significant reduction of reducing sugar compared to the application of 300 ppm of ascorbic acid. It is suspected that the application of ascorbic acid that is too high can inhibit the metabolic process. This is supported by Poljsak & Ionescu (2009) which states that if antioxidant concentration is too high can alter the function of antioxidant become pro-oxidant.
The reducing sugar content at the beginning of the stored seed was 0.035 mg/mL. The results of analysis (Tabel 2) showed that after seven days of storage control treatment was not significantly different. It is suspected that catabolism of seeds in control treatment was slower than the seeds that were given ascorbic acid as treatment. Otherwise the application of 250 ppm and 300 ppm of ascorbic acid treatments showed that the reducing sugar content increased significantly, it is suspected that the seeds are more active in reforming carbohydrate reserves to become reducing sugars because of the hormone signaling (Pastori, 2003) . Application of 350 ppm of ascorbic acid showed a non significantly different, it is suspected that high amount of concentration makes PELITA PERKEBUNAN, Volume 35, Number 2, August 2019 Edition the anti-oxidant alter to become pro-oxidant, as result inhibit the catabolism cocoa seeds (Poljsak & Ionescu, 2009 ).
After 14 days of storage showed that the reducing sugar content of all treatments was significantly increased compared to initial sugar reduction content of the stored seed. In harmony with Yuniarti et al. (2013) during storage the seeds continue to do catabolism and on the 14 days of storage all treatment showed significantly increase the reducing sugar this because the seeds were stored (Tabel 2).
Protein
After 7 days of storage, the application of 250 ppm of ascorbic acid was not significantly different than to the control treatment. The application of 300 ppm of ascorbic acid could significantly increase the protein content compared to the 250 ppm of ascorbic acid. The application of 350 ppm of ascorbic acid did not increase the protein content in seeds compared to 300 ppm of ascorbic acid (Table 1) .
After 14 days of storage, the application of 250 ppm of ascorbic acid could increase protein content significantly compared to the control treatment. Increasing the concentration of ascorbic acid did not increase the protein content of seeds when compared to 250 ppm (Table 1) .
The application of ascorbic acid has been shown to significantly increase protein content in seeds, this is reinforced by research conducted by Dolatabian & Modarressanavy (2008) where the use of ascorbic acid with a concentration of 100-200 ppm in sunflower seeds can increase seed protein content.
The protein content at the beginning of the seed is stored 41,49 mg/mL. The result of analysis (Tabel 2) showed that after 7 days of storage, the protein content in control treatment significantly reduced. It is suspected that the seed protein breaks down into various amino acids (Muzaiyanah, 2009 ). The application of 250 ppm of ascorbic acid did not give a significant different to the seed, this shows that 250 ppm of ascorbic acid could maintain the protein content up to 7 days of storage. The increase concentration of ascorbic acid (300 ppm and 350 ppm) could significantly increase the protein content of cocoa seed after 7 days of storage. Presumably at this concentration ascorbic acid could effectively react in seeds at 7 th day storage (Dolatabian & Modarressanavy, 2008) ( Table 2 ).
The results of T-test after 14 days of storage (Table 2) showed that all treatments significantly increased the protein content of the seeds. Yuniarti & Nuhasybi (2015) in their study stated that there was an increase in protein content in stored seeds. It is suspected that the increase occurred as seeds response for the decrease of moisture content and storage time. Nguyen et al. (2015) stated that the stored seed will synthesize seeds storage protein as seeds response to protect the seeds from deterioration process due to the stress of the desiccation and the length of the storage process.
Fat
After 7 days of storage, the application of 250 ppm of ascorbic acid showed a significant decrease of the fat content compared to the control treatment. The application of 300 ppm of ascorbic acid showed a significant decrease of the fat content compared with 250 ppm of ascorbic acid. The application of 350 ppm of ascorbic acid did not show a significant different compared to 300 ppm of ascorbic acid (Table 1) After 14 days of storage, the application of 250 ppm of ascorbic acid could significantly increase the fat content compared to PELITA PERKEBUNAN, Volume 35, Number 2, August 2019 Edition the control treatment. Application of 300 ppm of ascorbic acid showed a significant decrease of the fat content compared to the 250 ppm of ascorbic acid. The increase of ascorbic acid concentration (350 ppm) showed a significant decrease of fat content compared to the 300 ppm of ascorbic acid (Table 1) .
Ascorbic acid as an antioxidant has a role in fat, by preventing lipid peroxidation because ascorbic acid functions as a scavenger against reactive oxygen species (ROS) (Sharma et al., 2012) therefore that it can maintain good fat levels. However, in its application of excessive levels of ascorbic acid can lower the fat content.
After 7 days of storage, it was seen that giving ascorbic acid with a concentration above 250 ppm could reduce fat content in the seeds, whereas on the 14 th day the concentration of ascorbic acid 250 ppm could increased fat content significantly compared to the control treatment and then the increase in concentration decreased fat content. The research conducted by Shahhat et al. (2014) using ascorbic acid using lupine at low concentrations could increase fat content compared to control treatments and decrease when there was an increase in ascorbic acid concentration.
The initial fat content of the seeds stored was 6.25%, however, the result was lower than studies reported by Gu et al. (2013) and Baihaqi et al. (2016) that approximately 30-50%. Usage of solvent in soxhlet method can make different result (Soetjipto et al., 2018) . It is suspected the usage of hexane as solvent make the result tend to be lower than other studies.
The result of analysis (Table 2) showed that after 7 days of storage, the fat content of control treatment significantly increased. The application of 250 ppm of ascorbic acid had shown a not significantly different. It is suspected that this amount of concentration could maintain the fat content up to 7 days of storage. The increase of ascorbic acid concentration (300 ppm and 350 ppm) had significantly reduce the fat content.
After 14 days of storage, all treatments gave a significant increase in the fat content of the seed compared to the initial fat content. Yuniarti et al. (2013) stated that an increase in fat content in seeds is one of the seed defense mechanisms against deterioration during storage. Melo et al. (2010) in their study stated that in recalcitrant seeds there was an increase in fat content in response to seed to desiccation.
Free Fatty Acid
After 7 days of storage, application of 250 ppm of ascorbic acid could significantly decrease the free fatty acid content compared to control treatment. The application of 300 ppm of ascorbic acid could significantly decrease the free fatty acid content compared to 250 ppm of ascorbic acid. The application of 350 ppm of ascorbic acid could significantly increase the free fatty acid content compared to 300 ppm of ascorbic acid (Table 1) .
After 14 days of storage, the application of ascorbic acid (250 ppm, 300 ppm, 350 ppm) significantly decreased the content of free fatty acids in cocoa seeds compared to control treatment. This proves that the addition of ascorbic acid in cocoa seeds stored for 14 days can reduce free fatty acid levels in seeds when compared without being given ascorbic acid (Table 1) .
The increase in free fatty acids is one of the characteristics of the deteriorated seed. According to Justice & Bass (1990) , seed mortality is often accompanied by the formation of fatty acids. Auto-oxidation of fat is one of the fat metabolism to produce free fatty acids which can cause seeds to lose viability and vigor during storage (Zumani & Suhartono, 2018) . One way to prevent this PELITA PERKEBUNAN, Volume 35, Number 2, August 2019 Edition is by providing antioxidants. Ascorbic acid functions as an antioxidant, giving ascorbic acid is expected to reduce the amount of fatty acids in cocoa seeds during storage Giving ascorbic acid to cocoa seeds proved to be able to reduce levels of free fatty acids in seeds both at storage 7 th and 14 th day significantly because this was caused by the auto-oxidation process by free fatty acids. This is presumably prevented by ascorbic acid which acts as an antioxidant. Accordance to the study of Muzaiyanah (2009) the application of anti-oxidant to cocoa seeds can reduce the levels of free fatty acids in the seed for up to 28 days of storage. Shahhat (2014) study on ascorbic acid on lupine seeds at a concentration of 50 ppm can reduce free fatty acids compared to the control treatment.
Results of statistical analysis (Table 2) compared the free fatty acid levels of various treatments with free fatty acid levels without storage. The free fatty acid content before storing the seed was 5%. After 7 days of storage, all treatment was not significantly different. This indicates that at the 7 th day storage all treatments had the same free fatty acid level with free fatty acid levels without storage. On the 14 th day storage results were significantly different from treatment of 250 ppm ascorbic acid. This indicates that the levels of free fatty acids in treatment 250 ppm ascorbic acid give different results when compared with the levels of free fatty acids without storage.
Viability
After 7 days of storage, the application of ascorbic acid of all treatment could significantly increase viability of cocoa seeds compared to control treatment. Increasing concentration of ascorbic acid did not give a significant increase in viability of cocoa seeds (Table 1) .
After 14 days of storage, application of ascorbic acid showed a significant increase on viability of cocoa seeds. Application of 250 ppm of ascorbic acid significantly increased the viability of cocoa seeds compared to control treatment. Application of 300 ppm of ascorbic acid did not show a significant increase on viability of cocoa seeds compared to 250 ppm of ascorbic acid. Increasing the concentration of ascorbic acid (350 ppm) showed a declining on viability of cocoa seeds compared to application of 250 ppm and 300 ppm of ascorbic acid ( Table 1) .
Application of ascorbic acid can increase the germination of seeds. This is in harmony with the study of Tavili et al. (2009) that the concentration of ascorbic acid of 300 ppm can increase the average germination of Agropyron elongatum host seeds. The study conducted by Khan et al. (2011) showed that the appication of ascorbic acid concentration of 20 ppm can increase the germination percentage compared to control treatment.
According to research from Muzaiyanah (2009) the increase of viability seeds after the application of anti-oxidant indicates that the synergy between internal antioxidant content of external seed antioxidants caused antioxidants can inhibit fat peroxidation. The results of research by Moori & Eisvand (2017) found that ascorbic acid inhibited free radicals and increase cell stimulation, cell development, and absorption of nutrients into cells.
The initial viability was 62%. After storing for 7 days, control treatment showed a significant declining of viability. It is suspected that the changes in biochemical content of control treatment has been shown a declining and trigger the deterioration of seeds. Application of ascorbic acid at all concentrations showed that viability were not significantly different compared with the initial seed germination conditions. This indicates that the application of ascorbic acid can maintain the viability up to 7 days of storage. In PELITA PERKEBUNAN, Volume 35, Number 2, August 2019 Edition accordance to Moori & Eisvand (2017) that the ascorbic acid can inhibit free radicals and increase cell stimulation, cell development, and absorption of nutrients into cells (Table 2) .
After 14 days of storage, the control treatment showed a significant reduction in viability. Accordance in biochemical content of control treatment, the seeds were already deteriorated. Application of ascorbic acid (250 ppm and 300 ppm) was not significant different compared to the initial viability. This shows that application of ascorbic acid (250 ppm and 300 ppm) can maintain the viability of seeds up to 14 days of shelf life. Application of 350 ppm of ascorbic acid showed a significant decrease in viability compared to initial viability. It is suspected that the ascorbic acid concentration is too high, and trigger to alter anti-oxidants into pro-oxidant (Poljsak & Ionescu, 2009 ).
CONCLUSIONS
Application of 250 and 300 ppm ascorbic acid as pre treatment before storage had higher reducing sugar and protein content, also a lower in fat and free fatty acid compared to control, whereas 350 ppm of ascorbic acid showed a leveling off in reducing sugar, protein, fat, free fatty acid and viability. Reducing sugar, protein, and fat content can support in germination. Application of 250 and 300 ppm of ascorbic acid shows a higher viability compared to control. Ascorbic acid 250 ppm and 300 ppm can maintain cocoa seeds viability up to 14 days after storage. 
